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1

METHOD AND SYSTEM FOR DISTRIBUTED
CONTROL IN WIRELESS CELLULAR AND
PERSONAL COMMUNICATION SYSTEMS

This 1s a divisional of copending application(s) Ser. No.
08/324,427 filed on Oct. 17, 1994.

FIELD OF THE INVENTION

The present invention relates generally to communication
systems using wireless cellular and personal communication
networks, and, 1n particular, to methods and apparatus for
distributed control in such networks.

BACKGROUND OF THE INVENTION

In current cellular networks, three functions are per-
formed 1n order to establish a call or connection to a mobile
unit or mobile 1n such a network: (1) locating the mobile; (2)
handling any implicit services to which a user may have
subscribed; and (3) establishing the connection. These
functions, may be referred to, respectively, as mobile
location, call control, and connection control. In some
networks, authentication functions are also performed.

During registration of a mobile 1n current cellular
networks, a user proiile 1s sent from a home network to a
Visitors’ Location Register (VLR) in the network in which
the mobile user 1s currently located. A Mobile Switching
Center (MSC) then obtains the user’s profile from the VLR
cither during registration or during call delivery in order to
provide signalling services for the mobile user. One disad-
vantage ol this technique is that sending the user profile
requires the sharing of competitive information between
different networks. A second disadvantage 1s that signalling
traffic 1s generated even when the mobile 1s not involved 1n
a call.

Also, 1 typical current cellular networks, the function of
locating the mobile 1s performed, 1n a sequential manner,
prior to the function of performing call control and estab-
lishing the connection. The sequential nature of current
procedures leads to long setup delays.

Finally, 1n typical current cellular networks, the MSC, 1s
required to be an anchor for the duration of the call. The
MSC thus remains involved for the duration of a call even
if there exists a more efficient route for the user information
path.

SUMMARY OF THE INVENTION

The present invention comprises a system and methods
for distributed control 1 wireless cellular and personal
communication systems. The system includes separate serv-
ers for performing call control and connection control
functions, thereby obviating the need for a mobile switching
or other switch to be anchored for the duration of a call.
During a registration procedure, visiting location servers
track only roaming mobiles, rather than tracking both roam-
ing mobiles as well as mobiles located 1 theirr home
network. Direct signalling links between servers and base
stations, or other servers, located 1n different networks allow
roaming mobiles to contact their home networks for service
at all times, thereby obviating the need for passing signalling
information for mobiles when they are not involved 1n a call.
The use of multicast signalling with asynchronous transfer
mode switches, permits specified channel control functions
to take place concurrently in channel servers associated with
base station and switches that form a segment of the route
for a call. Similarly, specified call control functions are
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performed concurrently with mobile location functions,
thereby decreasing the delays 1n setting up a call.

The system of the present mmvention may suitably com-
prise a plurality of networks each of which mncludes a home
location server, a visitor location server, a roamer call server,
and a plurality of clusters. Each cluster may comprise a call
server, a connection server, a plurality of base stations each
having a channel server associated with 1t, a plurality of
switches each of which has a channel server associated with
it, and a plurality of signalling transfer points. The system
also may comprise a plurality of end systems, including a
plurality of mobiles, where each mobile has a home net-
work.

Other features and advantages of the present invention
will be readily apparent by reference to the following
detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating a cluster-based
multi-network system for the transfer of data or voice.

FIG. 2 1s a flow diagram showing the steps of a mobile
location tracking routine for use 1n the present invention.

FIG. 3 1s a flow diagram 1illustrating the 1nitial steps of a
call control routine for a call originating 1n a mobile.

FIG. 4 1s a flow diagram showing further steps 1n the call
control routine.

FIGS. 5A and 5B are a flow diagram 1llustrating in greater
detail several of the steps of the call control routine and a
base station location routine.

FIG. 6 1llustrates the use of several direct signalling, links
used in the call control routine of FIGS. 4 and 5 for a
roaming mobile according to the principles of the present
invention.

FIG. 7 1s a flow diagram showing the steps of a connection
establishment routine according to the principles of the
present 1vention.

FIG. 8 1llustrates an exemplary route for connecting a call
from one end system to another end system.

FIG. 9 15 a flow diagram showing the steps of a release-
call routine according to the principles of the present inven-
tion.

FIG. 10 1illustrates a handoff routine according to the
principles of the present invention.

FIGS. 11A, 11B and 11C show exemplary values of input
parameters used 1 an analysis of the system of FIG. 1.

FIG. 12 shows exemplary resulting values of certain
parameters based upon the exemplary input values in FIGS.

11A-11C.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram 1illustrating a cluster-based
multi-network system 100 for the transfer of data or voice.
FIG. 1 shows (G+1) networks 101, 102 and 103, each having,
at least one and as many as n clusters, where G and n are
positive 1ntegers. For example, network, 101 has n clusters,
three of which are labelled clusters 110, 111 and 112. Each
cluster, such as cluster, 110 has a call server 120, a con-
nection server 130, and a plurality of base stations. For
example, cluster; 110 has r base stations, two of which are
labelled i FIG. 1 with reference numbers 150 and 159. In
FIG. 1, the subscript r 1s a positive integer. Although only
one call server 120 and one connection server 130 are shown
in cluster, 110 of FIG. 110, 1t should be understood that each

cluster may have multiple call servers and multiple connec-



6,031,715

3

fion servers. In any event, each cluster has at least one call
server and at least one connection server.

Each cluster, such as the cluster, 110, also has a plurality
of switches for establishing a voice or data path between two
end systems. Cluster, 110, for example, has m switches, two
of which are labelled 1n FIG. 1 with reference numbers 140
and 149. In FIG. 1, the subscript m 1s a positive integer. In
a preferred embodiment of the present invention the
switches, such as the switches 140, 149 are asynchronous
transfer mode (ATM) switches. Alternatively, however, they
may be synchronous transfer mode (STM) switches.

Within each cluster, such as cluster, 110, there also may
be one or more end systems, including fixed and mobile end
systems. FIG. 1, for example, shows s end systems currently
located within cluster, 110, where the subscript 5 1s a
positive integer. Three of the end systems currently located
in cluster; 110 of network, 101 are labelled with reference
numbers 160, 161 and 169. For exemplary purposes, the end
systems 160 and 161 are mobile end systems or mobiles,
such as cellular telephones, and the end system 169 1s a fixed
end system. Each mobile end system 1s assigned a home
network, so that, at any given time, a particular mobile end
system either may be located 1n 1ts home network or may be
roaming 1n another network. In addition, each mobile 1is
assigned an address, which uniquely identifies 1t. The end
systems, such as the end systems 160, 161 and 169, and the
base stations, such as the base stations 150, 159, use wireless
or wired transfer of voice or data.

The transfer of inter-node signalling messages, such as
messages or signals sent between a base station and a server
or between servers, takes place via either ATM switches,
which may by any of the switches 140, 141 or 149 imple-
mented as ATM switches, or signalling transfer points
(STPs) 135. Each cluster has a plurality of signalling transfer
points. The links interconnecting the nodes or servers in
FIG. 1, such as the servers 120, 130, 170, 180 and 190,
therefore, may be, for example, connection-oriented ATM
signalling virtual channel connections (VCCs) or datagram-
oriented links 1nterconnecting servers through routers.
Additionally, at least some of the signalling links are mul-
ficast signalling links.

In a preferred embodiment of the present invention,
provisioned direct signalling or ATM virtual channel con-
nections (VCCs) provide the links between base stations and
servers 1n the same network, whereas datagram-oriented
links are used for the connections between nodes, or servers,
and base stations located in different networks wherever
neceded. An exception 1s made for the links from base
stations and connection servers of one network to roamer
call servers 1n all other networks, 1n which case ATM VCCs
are also used 1n the preferred embodiment.

The functions performed by a call server, such as the call
server 120, are cumulatively referred to as call control. For
cellular phone and data applications, the call control func-
tfions include maintaining a basic call state model for a call,
defined as a communication session 1nvolving users and
servers, and triggering implicit services subscribed to by the
users 1n the call. The call control functions also include
handling multiple connections, or end-to-end user informa-
fion paths, per call, such as multiple audio connections,

multiple data connections, or a mixture of audio and data
connections.

The functions performed by a connection server, such as
the connection server 130, are cumulatively referred to as
connection control. The connection control functions

include finding routes to establish an end-to-end connection,
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computing end-to-end quality of service measurements for
the connection, establishing, modifying and releasing
connections, and handling segments of a connection. A
secgment 15 defined as any part of the connection, 1n other
words, a concatenation of channels.

Each switch, such as the switch 140, and each base
station, such as the base station 150, has an associated
channel server (not shown in FIG. 1). The functions of a
channel server include managing channels or user informa-
tion links on a physical interface of a base station or switch.
The functions of a channel server further include setting up
translation tables to enable the proper routing of user 1nfor-
mation across the base station or switch with which the
channel server 1s associated. A channel server associated
with a base station also maps virtual channel 1dentifiers
(VClIs) to the next switch in the connection to air interface
resources, such as frequency, time-slot or code, depending
upon the wireless access scheme used.

Each network, such as network,, also has a roamer call
server 170, a home location server 180, and a visitor location
server 190. The functions of the location servers 180 and 190
include tracking the location of an assigned set of mobile
users and responding to requests for the location of these
users. The home location server 180 tracks the cluster for its
mobiles located 1n the home network and tracks the visiting
network for 1ts mobiles that are roaming. The visitor location
server 190 tracks the cluster in which each visiting mobile
1s located, 1n contrast to existing networks, in which a VLR
tracks both home and wvisiting mobiles. The roamer call
server 170 handles calls for users of network, 101 which are
roaming or visiting another network. Although only one
roamer call server 170, one home location server 180, and
one visitor location server 190 are shown 1n cluster; 110 of
FIG. 1, it should be understood that some networks may
have multiple roamer call servers, home location servers or
visitor location servers. In any event, each network prefer-
ably has at least one roamer call server, at least one home
location server, and at least one visitor location server.

The location server responsible for tracking the location
of a particular mobile 1s identified by the address of the
mobile. The call server handling the calls for a mobile
located 1n 1ts home network and the connection server
handling the connections for a particular mobile are 1denti-
fied by the cluster in which the mobile 1s located. The call
server handling the calls for a mobile visiting another
network 1s 1dentified by the network in which the mobile 1s
visiting. In a preferred embodiment of the present invention,

the servers 120, 130, 170, 180 and 190 occur 1n pairs in order
to 1ncrease reliability.

FIG. 2 1s a flow diagram showing the steps of a mobile
location tracking routine in accordance with the present
invention. As shown 1n step 200, a mobile, such as the
mobile end system 160, generates a registration message
identifying 1tself when 1t turns its power on or off, or when
it changes clusters by moving from one cluster to another
cluster. Each base station, such as the base station 150,
periodically transmits a message 1dentifying the cluster in
which 1t 1s located. These messages transmitted by the base
stations allow a mobile to determine when 1t changes
clusters. Upon receiving a registration message from a
mobile as indicated by step 205, a determination 1s made as
to whether the mobile that generated the registration mes-
sage 1S located 1n 1ts home network, as indicated by 210.

As shown 1n step 220, if the mobile that generated the
registration message 1s 1n 1ts home network, then the base
station that received the registration message forwards the
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registration information to the home location server for t hat
mobile. Next, as indicated in step 225, the home location
server would then store information indicating the cluster in
which the mobile 1s currently located by storing the mobile-
to-cluster mapping.

If on the other hand, the mobile that generated the
registration message 1s not located 1n 1ts home network,
then, as shown 1n step 230, the base station that received the
registration message forwards the registration information to
a visitor location server located 1n the same network as the
base station and currently tracking the mobile. As indicated
by 240, the next step depends upon whether the registration
message 1ndicates a cluster change, in other words, that the
mobile has moved from one cluster to another cluster within
the network. If the registration message 1ndicates a cluster
change, then, as shown 1n step 245, the visitor location
server, to which the registration information was forwarded,
stores the cluster in which the mobile 1s currently located by
storing the mobile-to-cluster mapping. If the registration
message 1ndicates that the mobile 1s powering up or pow-
ering down, then, as indicated in step 250, the wvisitor
location server that received the registration information
forwards the registration information to the home location
server 1n the mobile’s home network. Finally, as shown 1n
step 255, the home location server 1n the mobile’s home
network would store a network 1dentifier and visitor location
server 1dentifier corresponding to the location of the mobile.
The steps 1llustrated 1n FIG. 2 thus represent the mobile
location tracking routine.

In a preferred embodiment of the present invention, the
base station that received the registration message from a
mobile uses bicast signalling VCCs to update both location
servers 1n the pair assigned to the mobile. Also, a timer-
based registration occurs 1n addition to the registration
procedures explained above. Timer-based registration mes-
sages are generated at a relatively slow rate, for example
once cach day, and are processed by the visitor location
servers for roaming mobiles and by the home location
servers for mobiles located 1n their respective home net-
works. If, for example, a visitor location server does not
receive a timer-based registration from a mobile that previ-
ously was roaming within its domain, 1t deletes the entry for
the previously registered mobile. This timer-based registra-
tion procedure obviates the need for a registration cancel-
lation procedure from the home location server to a previous

visitor location server, as 1s presently done in the current
IS-41 and GSM standards.

FIGS. 3 and 4 are flow diagrams illustrating the steps of
a call control routine for use 1n conjunction with the present
invention. As shown 1n step 300 of FIG. 3, a calling end
system, such as the mobile 160 or the fixed end system 169,
generates a call origination message indicating that 1t wishes
to call a particular called end system. The remaining steps of
FIG. 3 and FIG. 4, with the exception of step 422 1n FIG. 4,
illustrate the call control routine. As 1illustrated 1n step 3035,
the base station covering the area 1 which the end system
1s located receives the call origination message. A determi-
nation 1s made as to whether the end system that generated
the call origination message 1s a mobile, as shown by 310.
If the calling end system 1s not a mobile, but rather 1s fixed,
then, as indicated 1n step 315, the base station sends a setup
call message to the call server covering the cluster in which
the base station 1s located. If, on the other hand, the calling
end system 1s a mobile, then a determination 1s made as to
whether the calling mobile 1s located 1n 1ts home network, as
indicated by 320. A setup call message 1s sent to the call
server serving the calling mobile. More particularly, if the
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calling mobile 1s located 1n its home network, then, as
illustrated 1n step 325, the base station sends a setup call
message to the call server covering the cluster 1n which the
base station and mobile located. In contrast, 1f the calling
mobile 1s not located 1n 1ts home network, then the base
station sends a setup call message to the roamer call server
located 1n the mobile’s home network as shown 1n step 330.
In this latter situation, the base station also sends an update
message to the roamer call server indicating the identity of
the connection server in the cluster where the mobile 1s
presently located. The identity of the connection server
received 1n the update message 1s used by the roamer call
server, as explained further below, to request that the con-
nections needed to connect the call be set up. Finally, as
indicated in step 335, when the calling end system 1s a
mobile, the base station stores the mobile-to-call server
mapping needed to handle subsequent requests from the

mobile.

FIG. 4 illustrates additional steps which are performed as
part of the call control routine. As indicated 1n step 400, a
call server for the calling end system receives the setup call
message. As explained above, this call server will be either
the call server 1n the cluster in which the base station is
located or the roamer call server that 1s associated with the
end system’s home network. Upon receiving the setup call
message, a call server instantiates or creates a state machine
for the call, as shown 1n step 410. Next, as indicated 1n step
411, the call server mnvokes implicit services for the calling
end system. Then, the call server creates a record for
mapping connections to the call as shown 1n step 412.

The call server that received the setup call message
additionally performs several steps concurrently with the
steps 410—412. Specifically, as indicated by step 420, the call
server that received the setup message identifies the call
server, the connection server and the gateway switch for the
called end system. A gateway switch 1s the switch that
interconnects two networks. When the called end system 1s
a fixed end system, then this information may be retrieved
from a database. When the called end system, however, 1s a
mobile, then further processing 1s required to obtain this
information, as explained below with reference to FIG. §.
Next, as indicated 1n step 421, the call server that received
the setup message communicates with the call server 1den-
tified 1 step 420 to mmvoke implicit services for the called
end system.

According to the principles of the present mnvention, if the
called end system 1s a mobile, then a base station location
routine 1s performed concurrently or in parallel with step
421, as indicated by step 422. The base station location
routine, as explained further below, determines which base
station, within the cluster where the called mobile 1s cur-
rently located, 1s serving the called mobile. This information
1s subsequently used when the connections for the call are
established. By performing the base station location routine
in parallel with the call control functions of step 421 the
delays 1n establishing the connections for the call are
decreased.

Once the steps 410—412 and 420-421 have been
performed, the call server that received the setup message
sends a setup connections message to the connection server
for the calling end system, as shown in step 430. The
connection server for the calling end system 1s the connec-
tion server covering the cluster in which the calling end
system 1s currently located. In a setup connections message,
the call server sending the message specifies the connection
server and gateway switch for the called end system which
were 1dentified 1n the step 420.
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FIGS. 5A and 5B are a flow diagram 1llustrating 1n greater
detail several of the steps of the call control routine and the
base station location routine. In particular, FIGS. 5A and 5B
illustrate the details of the steps 420 and 422 when the called
end system 1s a mobile. First, as shown 1n step 500, the call
server for the calling end system, sends a find request to the
home location server for the called mobile. The call server
for the calling end system 1s the call server that recerved the

setup call message 1n the step 400. In step 505, the home
location server for the called mobile receives the find

request. As indicated by 507, a determination 1s made as to
whether the called mobile 1s located 1n 1ts home network.

If the called mobile 1s located 1n 1ts home network, then,
as 1ndicated by step 520, the home location server for the
called mobile sends a find response to the call server for the
calling end system. This find response would specity the call
server, the connection server and the gateway switch for the
called mobile. It should be noted that the home location
server for the called mobile knows the cluster in which the
called mobile 1s currently located, and hence the connection
server and gateway switch, based upon the mobile location
tracking routine. Thus, where the called end system 1s a

mobile located 1n 1ts home network, step 420 comprises the
steps 500, 505, 507 and 520.

Next, as shown 1n step 522, the home location server for
the called mobile sends a multicast page request and an
update message to all the base stations in the cluster 1n which
the called mobile 1s presently located. The page request and
update message may be sent on a multicast signalling link.
The update message includes an identification of the call
server for the called mobile. Next, as indicated 1n step 523,
cach base station in the cluster generates a page order
message to locate the called mobile.

If one of the base stations 1n the cluster receives a page
response from the called mobile indicating that the called
mobile 1s within the domain of that base station, then, as
shown 1n step 524, the base station sends a page response to
the home location server for the called mobile. The base
station that received the page response would also store the
mobile-to-call server mapping for the called mobile. The
home location server for the called mobile also sends an
update message to the connection server for the called
mobile specitying the base station associated with the called
mobile as shown 1n step 526. The connection server for the
called mobile subsequently uses this information to route the
connection. Thus, where the called end system 1s a mobile
located 1n 1ts home network, the base station location routine
comprises the steps 522, 523, 524 and 526. As explained
above, the base station location routine 1s performed con-
currently with the call control step 421, which, for
convenience, 1s shown 1n FIG. SA as step 521.

If the called mobile 1s roaming and 1s not presently located
in 1ts home network, then, as indicated 1n step 540 of FIG.
SB, the home location server for the called mobile sends a
first find response to the call server for the calling end
system. This first find response specifies the call server for
the called mobile and allows the call server serving the
calling end system to proceed with step 421 1n FIG. 4,
without awaiting completion of step 420. For convenience,
step 421 1s also shown as step 551 in FIG. 5SB. Further
processing, however, 1s required to determine the connection
server and gateway switch for the called mobile because
only the visitor location server tracks the cluster in which a
roaming mobile 1s located as indicated by the mobile loca-
fion tracking routine of FIG. 2.

In step 550, the home location server for the called mobile
sends a find request and an update message to the visitor
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location server currently tracking the called mobile. Again,
it should be noted that the home location server for the called
mobile knows the network 1n which the mobile 1s currently
located and the 1dentification of the associated visitor loca-
tion server based upon the mobile location tracking routine.
The update message 1n step 550 speciiies the call server for
the called party.

Upon receiving the find request, the visitor location server
for the called mobile sends a find response to the home
location server for the calling end system, as indicated in
step 557. This find response would specily the connection
server and the gateway switch for the called mobile. The
home location server for the called mobile then sends a
second find response to the call server for the calling end
system as indicated 1n step 558. This second find response
specifies the connection server and the gateway switch for
the called mobile. Thus, where the called end system 1s a

roaming mobile, step 420 comprises steps 500, 505, 507,
540, 550, 557 and 558.

Upon receiving the find request i step 550, the visitor
location server for the called mobile also sends a multicast
page request and an update message to all the base stations
in the cluster 1n which the called mobile is presently located,
as 1ndicated by step 552. The page request and update
message 1n step 552 are similar to the corresponding request
and message 1n step 522. Each base station in the cluster
ogenerates a page order to locate the called mobile, as shown
in step 553.

If one of the base stations in the cluster receives a page
response from the called mobile indicating that the called
mobile 1s within the domain of that base station, then, as
shown 1n step 554, the base station sends a page response to
the visitor location server for the called mobile. The base
station that received the page response would also store the
mobile-to-call server mapping for the called mobile. The
visitor location server for the called mobile also sends an
update message to the connection server for the called
mobile specifying the base station associated with called
mobile as shown 1n step 556. The connection server for the
called mobile subsequently uses this information to route the
connection. Thus, where the called end system 1s a roaming
mobile, the base station location routine comprises the steps
552, 553, 554 and 556. As explained above, the base station
location routine 1s performed 1n parallel or concurrently with
call control step 551.

FIG. 6 illustrates the use of several direct signalling links
used in the call control routine of FIGS. 4 and 5 for a
roaming mobile according to the principles of the present
invention. FIG. 6 shows two networks 601 and 602. The
networks 601, 602 may be part of the multi-network con-
figuration shown 1n FIG. 1. It will be noted, however, that,
for the purpose of ease and clarity of presentation, certain
components of the networks are not shown i FIG. 6.
Network 601 has at least one cluster 611, and network 602
has a plurality of clusters 612, labelled cluster, through
cluster,. At some given time, mobile,,; 621 and mobile,;,,
622 are located within the domain of cluster 611. Mobile,,,
621 1s located 1n its home network, the network 601,
whereas the mobile,,, 622, whose home network 1s the
network 602, 1s roaming 1n the network 601.

If either mobile,,; 621 or mobile,, 622 generates a
wireless call origination message, as mdicated by step 300
of FIG. 3, then a base station 631, located 1n the cluster 611,
receives the message. If the mobile,, 621 generated the
message, then the base station 631 sends a setup call
message to a call server 641 located within the cluster 611
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according to the step 315 of FIG. 3. The link between the
base station 631 and the call server 641 1s represented by line
671. Upon receiving the setup call message as indicated 1n
step 400, the call server 641 sends a setup connections

message to a connection server 651 located within the
cluster 611 as indicated 1n step 430. The link between the
call server 641 and the connection server 651 1s represented

by line 681.

If, on the other hand, the roaming mobile,,, 622 generated
the call origination message, then the base station 631 sends
setup call and update messages to a roamer call server 642,
located within the domain of the home network 602 of
mobile,,, 622, via ATM switches 661, 662. The link from the
base station 631 to the roamer call server 642 via the ATM
switches 661, 662 i1s shown by a dashed line 672. The
roamer call server 642 then sends a setup connections
message to the connection server 651 via the ATM switches
662, 661. The link between call server 642 and the connec-
tion server 651 1s represented by line 682. In particular, this
arrangement permits roaming mobiles to contact their home
networks for services at all times, thereby obviating the need
for sharing of competitive information and the need for
passing signalling information for mobiles when they are not
involved 1n the call.

FIG. 7 1s a flow diagram showing the steps of a connection
establishment routine according to the principles of the
present invention. Once a setup connections message 1s sent
as 1ndicated 1n step 430 of FIG. 4, the connection server to
which the setup message was sent receives the setup con-
nections message, as shown 1n step 700. Next, as indicated
by step 705, the connection server which received the setup
connections message finds a route for the call from the
calling end system to the called end system.

The connection establishment routine may be more
readily understood with reference to FIG. 8 which illustrates
an exemplary route for connecting a call from an end
system, such as the mobile 801, to another end system 802.
In the example 1llustrated in FIG. 8, it 1s assumed that the
mobile 801 is located 1n an area covered by a base station
811 which 1s located 1n a cluster covered by a connection
server 831. Also, 1t 1s assumed that the end system 802 is
located in another cluster covered by a connection server
841. Assuming further that the connection server 831
receives the setup connections message associated with the
call, then 1t finds a route from the mobile 801 to the end
system 802. In the particular example 1llustrated, the route
includes two segments, one which comprises the base sta-
tion 811 and the ATM switches 812, 813, that are within the
domain of the connection server 831. The second segment
comprises a plurality of switches within the domain of the
connection server 841.

The connection server which received the setup connec-
tions message then performs the following functions which
may be performed concurrently. In step 720, the connection
server which received the setup connections message sends
a reserve segment message to the next connection server 1n
the route found in the step 705. In the example shown 1n
FIG. 8, the connection server 831 would send a reserve
secgment message to the connection server 841. If there are
other connection servers that make up additional segments
of the route, then a reserve segment would be sent to them
as well 1n a hop-by-hop manner. Additional action taken by
the connection server 841 upon receiving the reserve seg-
ment message 15 discussed further below. In step 710, the
connection server that received the setup connections mes-
sage also sends a multicast reserve channel message to each
channel server that 1s associated with a base station or switch
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in the route and that 1s within the connection server’s
domain. In the example of FIG. 8, the connection server 831
would send a reserve channel message to channel servers
821, 822 and 823, which are the channel servers associated

with the base station 811 and the AITM switches 812, 813,
respectively.

Each channel server which receives a reserve channel
message then performs channel reservation functions as
indicated 1n step 712. The channel reservation functions
include checking switch resources, and allocating VCI and
bandwidth. Upon performing the channel reservation
functions, each channel server sends a channel response to
the connection server from which 1t received the reserve
channel message, as indicated in step 714.

The steps 710, 712 and 714 may be conveniently referred
to as a connection admission routine. In contrast to known
techniques for performing call admission control, the con-
nection admission routine of the present invention 1s prei-
erably performed concurrently for each of the channel
servers 1n a particular segment of the route. This parallel
functioning 1s possible because of the capabilities of the
asynchronous transfer mode (ATM) technology which
include the use of multicast signalling links. Thus, 1n the
example of FIG. 8, each of the channel servers 821-823
would perform channel reservation functions concurrently,
thereby resulting in smaller delays 1n establishing the con-
nection for the call. It should be understood that perfor-
mance of functions by the channel servers concurrently
includes, but 1s not limited to, performance of the functions
in a synchronous or lock-step manner. Performance of
functions by the channel servers concurrently 1s intended,
however, to encompass more than lock-step performance.
As used herein 1n relation to the concurrent operation of the
channel servers, operating or functioning concurrently is
used 1n contrast to sequential operations in which one switch
and 1ts associated channel server cannot perform the speci-
fied function until a previous switch 1n the route, and its
assoclated channel server, have performed the same or a
similar function. The channel reserved responses, therefore,
may be sent asynchronously.

The connection server that received a reserve segment
message 1n step 720 finds the switches required to establish
its segment of the route as indicated by step 722. Referring
again to FIG. 8, the connection server 841 would find ATM
switches 814 and 815 and base station 816 within its domain
to establish the second segment of the route from the mobile
801 to the end system 802. The switches 814, 815 and the
base station 816 have associated channel servers 824, 825
and 826, respectively. Next, 1n step 724, the connection
admission routine, comprising the steps 710, 712 and 714, 1s
performed with respect to the connection server that
received the reserve segment message as well as the channel
servers assoclated with the segment of the route within the
domain of that connection server. Finally, in step 726, the
connection server sends a reserve segment response to the
connection server from which 1t received the setup segment
message. Thus, referring to FIG. 8, the connection server
841 would send a reserve segment response to the connec-
tion server 831 indicating that the segment of the route
within 1ts domain has been reserved.

Once the connection server that received the setup con-
nections message 1n step 700 receives the reserve channel
responses and the reserve segment responses, 1t computes
the end-to-end characteristics of the reserved connection and
compares the resulting quality of service with any require-
ments specifled 1n the setup connections message.

A determination 1s made whether to accept or reject the
connection. If the connection i1s accepted, as indicated by
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step 730, then the connection server which received the
setup connections message sends setup segment messages to
the other connection servers in the route and setup transla-
fion messages to the channel servers that are 1n the route and
that are within its domain, as shown 1n steps 750 and 740,
respectively. Upon receiving a setup translation message,
cach channel server performs setup translation functions as
shown 1n step 742. The setup translation functions include
establishing VPI/VC(I translations, establishing parameters
for Usage Parameter Control, priority control, and traffic
shaping and fault handling algorithms in the associated ATM
switch or base station. Upon completing the setup transla-
tion functions, each channel server sends a setup translation
response to the connection server which sent the setup
translation message to 1it, as indicated by step 744.

The steps 740, 742 and 744 may be conveniently referred
fo as a connection setup routine. In contrast to known
techniques for performing connection setup and fabric
control, the connection setup routine of the present invention
1s preferably performed concurrently for each of the channel
servers 1n a particular segment of the route. Again, the
parallel functioning 1s possible because of the capabilities of
the asynchronous transfer mode (ATM) technology which
include the use of multicast signalling links. Thus, 1n the
example of FIG. 8, cach of the channel servers 821-823
would perform setup translation functions concurrently,
thereby resulting in smaller delays 1n establishing the con-
nection for the call. Again, as used herein in relation to the
concurrent operation of the channel servers, operating or
functioning concurrently 1s used i1n contrast to sequential
operations 1 which one switch and 1ts associated channel
server cannot perform the specified function until a previous
switch 1n the route and its associated channel server have
performed the same or a similar function. The setup trans-
lation responses may, therefore, be sent asynchronously.

The connection setup routine 1s also performed, as shown
in step 752, with respect to each connection server that
received a setup segment message 1n the step 750 as well as
the channel servers associated with the segment of the route
within the domain of each such connection server. Next, 1n
step 754, cach connection server that received a setup
segment message then sends a setup segment response to the
connection server that sent the setup segment messages.

Once the connection server that received the setup con-
nections message 1n step 700 receives the setup translation
responses and the setup segment responses, 1t sends, as
shown 1n step 760, a setup connections response to the call
server for the calling end system. The setup connections
response 1ndicates that the connection for the call to the
called end system has been established.

According to the principles of the present invention,
operations to release the connections associated with a call
also take place concurrently in a plurality of channel servers.
FIG. 9 1s a flow diagram 1llustrating the steps of a release-
call routine according to the principles of the present inven-
tion. Either end system imvolved in a call, the calling end
system or the called end system, can 1nitiate the release of
the call and 1ts connections by generating and sending a
release-order message as indicated 1n step 900. Upon receiv-
ing such a release-order message, the base station, in whose
arca the end system that sent the message 1s presently
located, sends a release-call message to the call server for
the end system which generated the release-order message,
as shown 1n step 905. It will be recalled that the respective
base stations for the calling and called end systems involved
in the call stored the identity of the respective call servers
involved 1n the call.
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In step 910, the call server to which the release call
message was sent then sends a release-call message to any
other call servers involved 1n the call of which 1t 1s aware.
Next, 1n step 915, the call server that has a record of the
connections in the call pursuant to step 412 1 FIG. 4 sends
a release-connection message to the appropriate correspond-
ing connection server. The release-connection message
instructs the connection server to release the active connec-
tions 1n the call.

Upon receiving the release-connection message, the con-
nection server initiates a release-connection routine which
comprises steps 920, 922 and 924. In step 920, the connec-
tion server which received the release-connection message
sends a drop-channel message to each channel server 1n the
scgoment of the route within 1ts domain. Drop-channel
messages, which are multicast to the channel servers,
instruct the channel servers to release the channel and
translation resources used for the call. According to the
principles of the present invention, as shown 1n step 922, the
channel servers then preferably concurrently release the
resources for the call, including VCI and bandwidth. The
releasing of the resources by the channel servers concur-
rently or 1n parallel contrasts to known techniques for
performing connection release procedures serially and

results 1n smaller delays in dropping a call, thereby freeing
the channel servers and other system components for use in

other calls. Finally, in step 924, the channel servers send

dropped-channel responses to the connection server from
which they received the drop-channel messages. The

dropped-channel responses may be sent asynchronously.

Concurrently with 1nitiating the release connections
routine, the connection server that received the release-
connection message 1n step 915 also sends a drop-segment
message to the next connection server 1n the route, as shown
in step 930. Then, as indicated 1n step 932, the release-
connection routine 1s performed with respect to the next
connection server and the associated channel servers. Next,
in step 934, a segment-dropped response 1s sent to the
connection server that sent the drop-segment message.

Once the connection server which received the release-
connection message 1n step 9135 receives the responses from
the channel servers and the other connection servers 1n the
route, 1t sends a connections-released response to the call
server that sent the release-connection message, as indicated
in step 940. The release-call routine, which starts with step
900, thus ends with step 940 when the connections-released
response 1s received indicating that all connections in the
route for the call have been dropped.

FIG. 10 1llustrates a handoff routine according to the
principles of the present invention. A handoff can occur as
a mobile moves from within the vicinity of one base station
to the vicinity of another base station. According to the
principles of the present invention, the separation of call
control and connection control functions, which are per-
formed by the call servers and connection servers,

respectively, obviates the need for a mobile switching center
(MSC) or other switch to be anchored for the duration of the

call.

When a mobile leaves the vicinity of a previous base
station 1000 and moves mto the vicinity of a new base
station 1001, 1t generates a handoff-order message, which 1s
received by the new base station 1001. The new base station
1001 then forwards the handoff-order message to the pre-
vious base station 1000 as identified in the handoff-order
message, where the previous base station 1000 comprises a
first end of the old segment. The channel server associated
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with the previous base station 1000 1nvokes a handofl-
secgment operation which identifies a switch 1020 as the
second end of the old segment and which identifies a channel
1010 as the channel being handed off. This information 1s
then 1ncluded 1n a handofl segment message sent to the new
base station 1001.

Upon receiving the handofl segment message, a hop-by-
hop process 1s 1nitiated to establish a new segment 1012
from the base station 1001 to the switch 1020. The new
secgment may pass through other switches, such as switch
1021. The channel server associated with the switch 1020
sets up the new translation from a remaining channel 1011
of the old route to a channel associated with the new
secoment 1012 after deleting the translation to the channel

being handed off. In the hop-by-hop process, the 1dentities of
all the channel servers in the switches between the new base

station 1001 and the switch 1020 are identified to the
channel server associated with the switch 1020. The channel
server associated with the switch 1020 then communicates
the change 1 the segment to the connection server respon-
sible for the old segment.

An analysis was performed to determine an approximate
optimal cluster size corresponding to which servers are not
overloaded and the number of signalling links from each
server type 1s not exceedingly large. Several assumptions
were made 1n the analysis, including the following. The
networks were assumed to be 1dentical, and two wvisitor
server pairs were assumed for each network. One roamer
server pair was assumed 1n a particular network for every
other network in which the particular network’s mobiles
may roam. Updates and queries to location servers within a
pair are assumed to be 1ssued on bicast links. Answers to
queries are generated according to an arrangement between
the two location servers in the pair. When one server in the
pair 1s not functional, the other server can handle all the
queries made to the pair. It 1s further assumed that no
handofls occur during call setup, connection setup or release
procedures. No crossnetwork 1dle or active handoffs are
assumed to take place.

FIGS. 11A, 11B and 11C show exemplary values of

certain 1nput parameters used in the analysis, mcluding
additional input parameters for connection server utilization
analysis and base station analysis. FIG. 12 shows the result-
ing values of other parameters based upon the exemplary
input values listed in FIGS. 11A—C, and assuming clusters
whose perimeter 1s seventy miles long and base stations
covering an area of twenty-five square miles. In particular,
the base station and connection server utilization remain
below a value of one. These values may offer a viable
operating point for a network designed with the aforemen-
fioned assumptions.

Although the present invention has been described with
reference to speciiic embodiments, it will be appreciated that
other arrangements within the spirit and scope of present
invention will be readily apparent to persons of ordinary
skill in the art. The present mvention 1s, therefore, limited
only by the appended claims.

We claim:

1. A method of tracking the location of a mobile having
a home network, said method comprising the steps of:

generating a registration message;

performing the following steps 1f said mobile 1s located 1n
1ts home network;

(a) forwarding registration information to a home location
server for said mobile; and

(b) storing a mobile-to-cluster mapping for said mobile in
said home location server; and
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performing the following steps if said mobile 1s not

located 1n its home network:

(a) forwarding said registration information to a visitor
location server tracking said mobile;

(b) storing a mobile-to-cluster mapping for said mobile
in said visitor location server if said registration
message 1ndicates a cluster change;

(¢) forwarding said registration information to said
home location server for said mobile 1f said regis-
tration message mndicates that said mobile 1s power-
ing up or powering down; and

(d) storing in said home location server network iden-
tifier and wvisitor location server identifier corre-
sponding to the location of said calling mobile.

2. A method of releasing a call from a calling end system
to a called end system to a called end system, where at least
cither said calling end system or said called end system 1s a
mobile, said method comprising the steps of:

generating a release-order message;

sending a release-call message to call servers mvolved 1n
said call;

sending a release-connection message to a connection
server corresponding to the one of said call servers
which has a record of connections involved 1n said call;
and

performing a release-connection routine wherein
resources, which are used 1 a plurality of channel
servers for releasing connections and managing switch
resources, sald channel servers associated with base
stations and switches which form a segment of a route
for said call, are released concurrently, wherein said
release-call routine further comprises the step of send-
ing a multicast drop channel message to said plurality
of channel servers.

3. Amethod of handing off a call comprising the steps of:

generating a handoff-order message i1dentifying a previ-
ous base station which comprises a first end of an old
route for said call;

forwarding said handoff-order message to said previous
base station;

sending a handoif segment message from a channel server
assoclated with said previous base station to a new base
station;

establishing m response to the handoif segment message
a new segment of a route for said call from said new
base station to a switch i1dentified as a second end of
said old segment by setting up a translation table of
switch resources for the new segment;

setting up a new ftranslation from a channel 1n said old
route to a channel associated with said new segment;

1dentifying to said switch each channel server involved 1n
said new segment; and

communicating to a connection server responsible for said
old segment the change from said old segment to said

new segment.
4. A roamer call server for use 1n a first home network 1n
conjunction with a distributed control multi-network tele-
communication system, said roamer call server comprising:

a processor for handling call control functions for users of
the first home network who are roaming or visiting
another network;

memory for storing user profile information for said users;

an 1mput for receiving a request to provide call control
functions for a roaming user visiting another network;
and
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an output for providing call control functions including a
basic call state model for a call and for triggering
implicit services subscribed to by said roaming user
consistent with the stored user profile 1nformation,
whereby mobiles of roaming users are permitted to
contact the first home network for services at all times,
thereby obviating the need for different networks to
share competitive information.

5. Amethod of setting up a call from a calling end system

to a called end system, where at least either said calling end
system or said called end system 1s a mobile, said method

comprising the steps of:

generating a call origination message;
performing a call control routine for said call; and

performing a connection establishment routine comprises
the steps of:
(a) receiving a setup connections message;

(b) finding a route from said calling end system to said
called end system for said call;
(¢c) performing a connection admission routine with
respect to each segment of said route; and
(d) performing a connection setup routine with respect
to each segment of said route;
wherein said connection admission routine comprises the
step of performing channel reservation functions concur-
rently in a plurality of channel servers associated with base
stations and switches which form a segment of said route
and wherein said connection setup routine comprises the
step of performing setup translation functions concurrently
in said plurality of channel servers.

6. The method of claim §, wherein said connection
admission routine comprises the step of sending a multicast
reserve channel message to said plurality of channel servers.

7. The method of claim 5, wherein said connection setup
routine further comprises the step of sending a multicast
setup translation message to said plurality of channel serv-
ers.

8. A method of setting up a call from a calling end system
to a called end system, where at least either said calling end
system or said called end system 1s a mobile, said method
comprising the steps of:

generating a call origination message;
performing a call control routine for said call; and

performing a connection establishment routine for said
call;
wherein said call control routine comprises the steps of:

(a) sending a setup call message to a call server serving
said calling end system;

(b) creating a state machine for said call;
(¢) invoking implicit services for said calling end system;

(d) creating a record for mapping connections for said
call;

(¢) identifying a call server serving said called end
system, a connection server for said called end system
and a gateway switch for said called end system;

(f) communicating with said call server for said called end
system to mvoke implicit services for said called end
system; and

(2) sending a setup connections message to a connection
server for said calling end system;

and wherein the steps (b), (¢) and (d) of said call control
routine are performed concurrently with the steps () and (f)
of said call control routine.

9. The method of claim 8 wherein the step of sending a
setup call message to a call server serving said calling end
system comprises the steps of:
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sending a setup call message to a call server located 1n the
same cluster as said calling end system 1if said calling,
end system 1s a mobile located 1n 1ts home network; and

sending a setup call message to a roamer call server

located 1n the home network of said calling end system

if said calling end system 1s a mobile which 1s not
located 1n its home network.

10. The method of claim 8 wherein the step of identifying

comprises the following steps 1f said called end system 1s a

mobile located 1n its home network;

sending a find request to a home location server for said
called end system; and

sending a find response to the call server serving said

calling end system, wherein said find response specifies

the call server serving said called end system, the

connection server for said called end system and the
gateway switch for said called end system.

11. The method of claim 8 wherein the step of identifying

comprises the following steps if said called end system 1s a

mobile located 1n 1ts home network;

sending a find request to a home location server for said
called end system;

sending a find request from said home location server to
a visitor location server tracking said called end sys-
tem;

sending a find response from said visitor location server
to said home location server; and

sending at least one find response from said home location
server to the call server to the call server serving said

calling end system.
12. The method of claim 8 wherein the step of sending at

least one find response to said call server serving said calling
end system comprises the steps of:

sending a first find response specitying the call server
serving said called end system; and

sending a second find response specitying the connection
server for said called end system and the gateway
switch for said called end system.

13. The method of claim 8 further including the step of

performing a base station location routine if said called end
system 1s a mobile, where said base station location routine
is performed in parallel with step (f) of claim 12.

14. The method of claim 13 wherein said base station
location routine comprises the following steps if said called
end system 1s located 1n 1ts home network:

sending a page request from a home location server for
said called end system to all base stations located in the

same cluster as said called end system;

generating a page order from each of said base stations;
and

sending a page response to said home location server.
15. The method of claim 14 wherein said step of sending

a page request comprises sending a multicast page request.

16. The method of claim 13 wherein the base station
location routine comprises the following steps if said called
end system 1s not located in its home network;

sending a page request from a visitor location server for
said called end system to all base stations located in the
same cluster as said called end system;

generating a page order from each of said base stations;
and

sending a page response to said visitor location server.
17. The method of claim 16 wherein said step of sending

a page request comprises sending a multicast page request.
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